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Waterflooding of the Rangely Oil Field of Colorado 
started in December 1937 in an effort to recover the maxi­
mum amount of oil from the reservoir. After 10 years of 
Y/aterflooding, fluid production still exceeds fluid injec­
tion. As of October 196? the deficit is 92 million barrels 
of fluid.
A seismic study using seismograms from the Uinta Basin 
Seismological Observatory near Vernal, Utah, was made of the 
Rangely area. The epicenters of the earthquakes centered on 
the reservoir and extended beyond its limits. No prominent 
secondary area of activity was found.
A study of the net fluid injected into the reservoir and 
the number of earthquakes that occurred disclosed no positive 
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The Rocky Mountain Arsenal Well and the northeast Denver 
earthquakes have generated great interest in determining 
whether there is any correlation between fluid injection 
into the ground and earthquake activity.
The large number of earthquakes with their increasing 
magnitude prompted more detailed investigations of the 
seismicity in northeast Denver. The Colorado School of Mines 
now has extensive instrumentation in the area to monitor 
future events.
Wo W. Rubey, a consultant for the U.S. Army investigat­
ing the Denver earthquakes, has recommended studying other 
regions where fluid injection might effect the rate of 
earthquake activity.
Another location at which fluid injection and earth­
quakes are found together is the Rangely Oil Field. An 
investigation of this area was undertaken to see whether any 
further information on fluid injection in relation to earth­
quakes could be obtained,
1
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This paper is a report of the investigation and the con­
clusions determined from the findings of the study.
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THE RANGELY OIL FIELD
The Rangely Oil Field, T 2 N, R 102 & 103 W, Rio Blanco 
County, Colorado, is the most prolific field in the Rocky 
Mountain Region. It produced a cumulative total of about . 
393 million barrels of oil prior to 1 October I967 (written 
communication, Murphy, F. J., 11/28/67)«
The reservoir is an anticlinal entrapment of the top 
400 - 300 ft of the Permian-Pennsylvanian Weber Sandstone, 
Figure 1. The reservoir is about 12 miles long and 3 miles 
wide, with the longitudinal axis trending northwest-southeast. 
A normal fault with a northeast-southwest strike and a throw 
of about 30 ft cuts the longitudinal axis about one-third of 
the distance from the southeast end. The fault has no 
apparent effect on fluid migration in the reservoir (Bleakley, 
1964)0 The position of the fault is shown in Figure 1.
There are a fev/ smaller faults southeast of the reservoir 
limits.
The California Company (now Chevron Oil Company,





















1933 but due to the remoteness of the area they did not 
develop the field at that time. During World War II oil 
became a premium product and the expansion of the Rangely 
field was started. In October 1957 the 45 operating interests 
and the 450 royalty interests unitized the field under the 
management of the California Oil Company. In December 1957 
waterflooding was started in an effort to recover the maximum 
amount of oil possible from the reservoir.
Of the 482 wells in the field, 98 wells were converted to 
water injection by January I9 6 4* Of these 98 water-injection 
wells there were 75 wells on the periphery of the reservoir,
16 wells in the 5-spot pattern on the east flank, and 7 wells 
in the gas cap area. The original gas cap contained no 
residual saturation of the pore spaces. Therefore, migra­
tion of the oil into the gas cap area would result only in 
loss of that quantity of oil required to “v/et” the reservoir 
rock. For the prevention of this needless loss, the gas 
wells in the cap were converted to water injection. As the 
oil production of the peripheral wells becomes too lov/ 
economically, the exploitation of the wells is converted to 
the water injection method. The number of injection wells 
has increased steadily through the years, reaching a total 
of 158 in July 19 6 7.(Chevron Oil Company, I967). The wells 
in the field and the water injection pipelines are shown in 
Figure 1.
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Water for injection is obtained from the very muddy 
White River, from water wells in the Entrada and Navajo 
formations, and from the Weber reservoir during oil produc­
tion. Before injection the water is chemically prepared by 
the company*s water treatment plant and is made crystal 
clear with a turbidity of less than 0,1 ppm (Bleakley, I964). 
The water is distributed through 12- and 14-in. cement- 
lined pipes to the east, north, northwest, and south portions 
of the field and then distributed to the individual injection 
wells through 3-in. cement-lined pipes (Figure 1).
The capacity of the 10 injection pumps is 210,000 bbl/d 
at a pressure of 1,200 psi. The water injection, maintained 
at the full capacity of the water treatment plant, results 
in an oil production of about 1.3 million barrels per month.
Production is from the Weber Sandstone. The wells have 
an average depth of 6,700 ft. The producing interval is 
from 100 to 700 ft thick. The 98 injection wells were tak­
ing in excess of 160,000 bbl of water per day by January 
1964 (Bleakley, 1964). Only 3 peripheral wells were then 
producing oil at profitable rates, and they will be exploited 
with the fluid-illjection method when the water cuts become 
too high.
In the period 1933 to December 1937, before waterflood­
ing, the total oil production was 236 million barrels. • Data
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on the oil/(oil+water) ratio are all but inaccessible for the 
time prior to unitization in October 1957. However, data 
(Appendix I) since January 1958 indicate that the ratio v/as 
probably greater than 0,97 during the preunitization produc­
tion (Figure 2), It is concluded that the total volume of 
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Figure 2. Graph showing that part of fluid production 
that is oil.
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Since December 1957, l6l million barrels of oil and 76 
million barrels of water have been produced. These combine 
to give a total of 237 million barrels of fluid removed 
from the reservoir since the field was unitized. During 
this same time 390 million barrels of water were injected. 
Therefore a net volume of 153 million barrels of fluid have 
been added to the reservoir in this time.
Comparison of the 245 million barrels of fluid removed 
prior to December 1957 with the 153 million barrels of fluid 
added since that date shows a deficit of 92 million barrels 
of fluid.
At the present rate of 3.1 million barrels of fluid 
injected per month more than that removed, in 30 months the 
fluid in the reservoir will equal the amount contained when 
the reservoir was discovered in 1933, It will be interest­
ing to observe what, if any, change will occur in the earth­
quake activity at Rangely when this equilibrium is attained 
and then exceeded.
T 1163
SEISMOGRAPH RECORDS AND INTERPRETATION
The only seismograph station close to the Rangely Field 
is the Uinta Basin Seismological Observatory (UBSO) located 
near Vernal, Utah, This portion of the study is based on 
selected records from that station.
The observatory was constructed for the Department of 
Defense under the Vela-Uniform Project, It was established 
in November 1962 and is operated by the Geotech Division of 
Teledyne Industries Incorporated, UBSO (Lat, kO^ 19' l8" N, 
Long, 109° 34' 07" W, Elevation + 1600 meters) is about 10 
miles south of Vernal, Utah, The Rangely reservoir is 
located between 50 and 80 km away at an angle whose tangent 
is between 0.2 and 0,5 south of east from the observatory as 
shown in Figure 3.
Ten vertical and two horizontal Johnson-Matheson short- 
period seismometers are arranged in a star-type array as 
shown in Figure 4. The array is about 3 km on a side with a 



























FlgUEe 4. Star-type seismometer array at UBSO.
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Figure 5. Normalized frequency response of UBSO seismograph.
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102 ft. The normalized response curve of the seismographs 
is shown in Figure 5*
The seismographs, initially operated at a magnification 
of 200,000, were later increased to 600,000 where they remain 
to date. During the periods of high wind and microseisms, 
it is impossible to identify the smaller Rangely events due 
to the high noise level.
The seismograms from the short-period seismograph array 
were used to determine the number and the location of those 
local earthquakes that have their epicenters in the vicinity 
of Rangely.
The epicenters of the earthquakes were determined by
computing the azimuth and distance from the observatory to 
the epicenter. The azimuth was found by one of two methods.
The first and most precise method of determining azimuth 
was based on the difference in the arrival time of the Pg 
phase across the seismometer array. This is a geometric 
solution of the configuration of the array. As a matter of 
convenience, earthquakes were assigned to one of five easily 
identifiable azimuthal sectors based on the sequence of the 
Pg arrivals at the various seismometers as shown in Figure 
6 .
The geometry of the UBSO seismometer array was so 
































Figure 6. Azimuth determination from the geometric 
solution of the array configuration.
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for the Pg phase arrivals. For the listing of the azimuth 
on the data sheets, only the whole degree was used so that 
exceptional accuracy would not be implied.
The second method of determining the azimuth was used 
when the Pg arrivals on the vertical seismometers were 
masked by noise or made uncertain in other ways. The 
azimuth could sometimes be determined by scaling the double 
amplitude of the Pg arrival on the N/S and E/W traces. The 
tangent of the angle south of east was then determined by 
dividing the N/S amplitude by the E/V/ amplitude. The azimuth 
from north was found by converting the tangent value to 
degrees and adding 90°.
In cases where the azimuth was determined by both methods, 
the azimuth agreed within 3° of each other. Both results 
are listed in Appendix II for these events.
Of the two methods for determining azimuth, the use of 
Pg arrival time across the array is considered to be the 
more accurate method.
The distance from UBSO to the epicenter was found by 
using the Sg - Pg phase interval, from the three-component 
seismograph at the center of the array, and the Jefferys- 
Bullen local travel time curves. The Sg arrival was best 
recorded on the N/S seismograph.
A typical seismogram of a Rangely earthquake is shown
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in Figure 7. This figure shows the earliest arrival of the 
Pg phase on trace Z-2, followed closely by the arrivals on 
traces Z-3 and Z-1. This is the time difference that was 
converted to azimuth in determining the epicenter location.
The distinctive character of the Pn, Sg, Sn, and surface 
waves made the Rangely earthquakes readily recognizable. 
However, many of the recognizable Rangely earthquakes were 
of such small magnitude that an accurate epicenter determina­
tion could not be made, Pg and P* are very difficult to 
identify on events of magnitudes less than 0.3.
The ground displacement for the earthquakes was deter­
mined from the seismograph films using the following formula:
3 3
r a X 10 a X 10 __ a_
 ̂  ̂"I' s't ' 600"li.%)' - 0795
where A = peak-to-peak ground displacement in millimicrons, 
of the Pg phase.
a = peak-to-peak pulse amplitude of the Pg phase in 
millimeters when the seismograph film is enlarged 
10 times,
K - magnification in thousands, at the calibration 
frequency.
g. = correction factor applied to obtain true magnifi­
cation at the signal frequency; obtained from the 
seismograph frequency-response curve.
With the use of the ground displacement. A, the approxi­
mate magnitude of the earthquake can be determined from 






























ground displacement must first be converted to the A used in 
Richter's formula. This step is done by changing the actual 
ground displacement from millimicrons to millimeters, increas­
ing A by a factor of 4, and multiplying this value by 2800 to 
convert it to the maximum trace amplitude that would have 
been recorded on the torsion seismometers, which Richter 
used in establishing his relationship. The factor of 4 is
the average ratio of the maximum trace amplitude to the P „
6
amplitude. The constant 2800 is the magnification of the
instruments that were used by Richter to derive the formula.
The value of the terra -log^Q^^ (minus is obtained
directly from his table for various distances to the epi­
center. The majority of the epicenters were about 63 km 
from UBSO. At this distance the value of -log^Q^g = +2.8, 
Substituting these values into Richter's formula results in 
the following conversion formula:
M = log^Q 2800(4A X 10"*̂ ) - iogpQAg or
M = logpQ 0.0112A + 2.8 
for a ground displacement of 10 millimicrons the magnitude 
is deduced thus:
M = log^o 0.0112(10) + 2.8 = 1.83.
The P phase arrivals of the smallest events were too 
small, equal to or less than 0.1 mm, to obtain peak-to-peak 
amplitude measurements. Thus, they were designated an
1163 19
amplitude of 0.1 mm arbitrarily. This designation gives a 
magnitude of -0.15 as the lower limit of detectability for 
the earthquakes. Amplitudes ranging from 0.2 mm and greater 
could be measured accurately.
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FLUID INJECTION IN RELATION TO EARTHQUAKES
An ideal investigation would require the seismograph 
records prior to waterflooding, during the initial stages 
of the waterflood, and after the waterflood had reached its 
present proportions. This ideal investigation could not be 
undertaken because the waterflood started in December 1957 
and the observatory did not become operational until 
November 1962,
The observatory bulletins available in the Colorado 
School of Mines Geophysics Library start with June I963 and 
continue to the present with the omission of the volumes 
for March I96 4. These bulletins give four years of data to 
assist in this investigation. The volumes prior to June 
1963 and for March I964 were requested from the Defense 
Documentation Center, Cameron Station, Alexandria, Virginia, 
but the supply was already exhausted. It was found in read­
ing the seismograph films that few of the smaller events 
are recorded in the UBSO bulletins; and when several earth­
quakes occur together, only the largest event is recorded,
20
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It was also found that in the earlier bulletins only the 
largest events were identified and none of the small earth­
quakes were listed. Therefore the number of Rangely earth­
quakes in the monthly bulletins is a relative number rather 
than a true figure.
Two methods were used in conducting the investigation. 
First the net fluid injected into the reservoir was compared 
with the number of Rangely earthquakes listed in the UBSO 
bulletins. This method used a large 4-year sample of data 
of questionable precision from the bulletins. It is probable, 
however, that the bulletins reflect the general level of 
seismic activity.
The second method v/as based on using a sma.ll sample of 
data of much greater precision in comparing the net fluid 
injected with the earthquake frequency. The small sample 
periods were separated by 4 years in time in hopes that the 
large increase in the rate of net fluid injected between the 
tv/o periods would be reflected by a substantial increase in 
the earthquake activity,
A comparison of fluid injection with the general level 
of seismic activity, as determined from the UBSO bulletins, 
is shown in Figure 8, In'this figure the net amount of 
water injected per month from December 1957 to the present 
is plotted on the left, with the number of earthquakes per
T 1163 22
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month recorded in the observatory bulletins shown below the 
injection graph. There exist tv/o pronounced peaks, and 
?2 , on the left-hand graphs, separated by 12 months in time.
It is impossible to use this time interval and correlate a 
significant number of the other peaks or valleys to sub­
stantiate a 12-month lapse between fluid injection and the 
resulting earthquakes.
The graph on the right of Figure 8 shows the same data 
after the monthly values have been averaged over a year.
The small number of events in 1963 probably represents fail­
ure to list small local events in the initial bulletins.
They were very conspicuous by their absence. No other period 
showed such a low level of activity. Otherwise there was no 
positive correlation between the tv/o parameters,
A more precise comparison of injection and seismicity is 
constrained by the format of the seismic data. The l6-mm 
film records from the seismographs are available from the 
Seismic Data Laboratory in Alexandria, Virginia, Although 
l6-mm film is an excellent format for storing records, it is 
a tedious, eye-straining, time-consuming format for search­
ing records to identify specific events, such as those 
occurring at Rangely. It was therefore felt to be impractical 
to view all of the films from November 1962 to the present 
because the additional information obtained, over that
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received from selected small sample periods, would not 
warrant the investment of such an enormous amount of time. 
This decision was supported by the results from two sample 
periods.
The first sample period selected was Noveraber-December 
1962 so that the earliest seismic information available 
would be used in the investigation. During this interval 
284 Rangely events were identified with 183 of these earth­
quakes large enough for accurate epicenter determinations.
The second sample interval was the three-month period, 
October-November-December I9 6 6, One hundred and seventy- 
five Rangely earthquakes were identified with 10? of these 
events large enough for epicenter determinations.
All of the Rangely earthquakes that were identified in 
the two sample periods are tabulated in Appendix II,
The largest Rangely earthquake that occurred during the 
sample periods was of a magnitude 2.6, However, there have 
been much larger events recorded. The tv/o largest Rangely 
events listed in the UBSO bulletins are of a magnitude 4.5 
on July 6, 19 6 6, and of a magnitude 4.4 on February 18, I9 6 7.
The log.Q N vs, M curve is shown in Figure 9. The for­
mula log.Q N = 3 .0 6 - 1,03M describes this curve in which 
N = the number of earthquakes of magnitude M, The slope of 






































the northeast Denver earthquakes. The northeast Denver 
earthquakes closely agree with the formula used by Richter, 
i.e.; log^Q N = C - 0.8m . If either of the two largest 
earthquakes, whose magnitudes were 4.4 and 4.5, had occurred 
during the sampling periods, the slope of the curve would 
have been about 0.8 for the Rangely events.
Of the larger earthquakes whose epicenters were deter­
mined, 79% were within the reservoir area and the remainder 
were within 15 km of the reservoir. Figure 10 shows the 
concentration of the epicenters with respect to the reser­
voir for the two individual sample periods, and Figure 11 
shows the totals for the two sample periods. Figures 10 and 
11 emphasize the fact that there is no predominant secondary 
area in which the earthquakes occur. The seismic activity 
gradually diminishes as the distance from the reservoir 
gradually increases.
The rate of net fluid injection into the reservoir 
increased about threefold between 1962 and 1966, yet the 
earthquake frequency reduced from 142/mo to 58/mo, This 
reduction in earthquake frequency is further emphasized by 
the seismograph magnification increasing from 200,000 to 
600,000 in the same interval. It is concluded that, while 
the seismic activity is continuous at Rangely, there is no 
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Figure 11. Location of earthquake epicenters with respect to the
Rangely Reservoir for the total of the two sample periods.
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and the number of earthquakes recorded.
Regardless of the net amount of fluid injected per month 
per year, the number of earthquakes per month per year, as 
listed in the UBSO bulletins, remains at about 20 events. In 
two of the three months, for which comparison was possible, 
between two and three times as many earthquakes were identified 
from the records as were listed in the bulletins. It is 
therefore assumed that the bulletins provide only a gross 
index to the seismic activity. There were no bulletins pub­
lished in 19 6 2. The tabulation of this information follows.
NET FLUID 
NO. OF EARTHQUAKES INJECTED
YEAR MONTH MAG. BULLETIN . MUNSON 10 bbl/mo
1962 NOV.. 200,000 NA 171 1
DEC. 400 ,000 NA 114 1
1966 OCT. 600,000 21 59 3
NOV. 600,000 6 41 3
DEC. 600,000 26 75 3
Table 1
Summary of results from the two sample periods.
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CONCLUSIONS AND REMARKS
In considering the Weber reservoir from 1933 to the 
present, there has been a total of 482 million barrels of 
fluid removed and 390 million barrels of fluid injected. 
Hence, because of steady removal there are 92 million 
barrels of fluid less as of October 196?. Therefore, 
although fluid injection has been in operation for 10 years, 
the net result is fluid withdrawal.
There are definitely earthquakes occurring in the 
Rangely oil field. The extent of the epicenters covers an 
area larger than that bounded by the reservoir limits, and 
there is no predominant secondary area in which the earth­
quakes originate.
The Rangely data in the UBSO bulletins cannot be used as 
a precise reference but may be used to show the general 
seismic activity.
No positive correlation in time can be determined between 
the fluid injection and the frequency of earthquakes in the
j0
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Rangely oil field. Neither the data from the UBSO bulletins 
nor the data from the two short sample periods disclosed a 
positive correlation in time when compared with the net 
fluid injected.
This investigation does not reveal that the earthquake 




PRODUCTION IN BBLS. INJECTION NET FLUID UBSO BULLETIN
YEAH MO, OIL WATER IN BBLS. INJ. IN BBLS. EARTHQUAKES
1957 DEC
1958 JAN 1 907 603 64 533 32 631 -1 939 507FEB 1 729 737 50 956 30 888 -1 749 803MAR 1 888 185 59 950 74 286 -1 873 849APR 1 772 781 57 301 113 877 —1 716 203MAY 1 781 299 61 156 111 648 —1 730 807JUN 1 630 199 69 731 85 530 —1 614 400JUL 1 671 540 71 366 81 022 -1 661 884AUG 1 667 575 85 398 74 174 -1 678 799SEP 1 595 163 87 149 100 338 -1 581 974OCT 1 636 031 78 093 289 429 -1 424 695NOV 1 561 330 90 370 255 783 -1 395 917DEC 1 612 841 89 559 217 140 -1 485 260
1959 JAN 1 593 784 85 824 192 788 -1 486 820FEB 1 418 178 69 603 308 912 -1 178 869MAR 1 526 486 78 720 307 435 —1 297 770APR 1 466 613 86 183 438 398 —1 114 398MAY 1 467 686 88 858 729 939 - 826 603JUN 1 376 076 81 481 657 657 — 799 900JUL 1 403 887 91 749 878 186 - 617 450AUG 1 387 562 114 139 789 235 712 466SEP 1 343 136 105 688 671 581 — 777 243OCT 1 394 680 109 511 709 478 — 794 713NOV 1 379 760 122 487 770 093 - 732 154DEC 1 413 290 115 845 862 017 - 667 118
I960 JAN 1 418 611 128 097 1 ,013 510 — 533 198FEB 1 330 541 133 784 1 197 447 - 266 878MAR 1 406 523 176 778 1 391 111 - 192 190APR 1 356 556 163 495 1 294 208 - 225 843MAY 1 385 590 159 032 1 415 395 - 129 227JUN 1 315 572 177 489 1 701 948 208 887JUL 1 341 015 189 636 1 758 248 227 597AUG 1 344 366 172 457 2 547 253 1 ,030 430SEP 1 346 306 214 308 2 035 370 474 756OCT 1 383 460 224 411 2 158 172 550 301NOV 1 333 425 222 390 2 538 611 982 796DEC 1 396 360 264 332 2 653 668 992 976
1961 JAN 1 391 907 275 395 2 492 608 825 306FEB 1 247 232 251 039 2 012 171 513 900MAR 1 382 398 289 694 2 916 481 1 ,2 4 4 389APR 1 328 191 287 529 3 042 176 1,426 456MAY 1 334 596 326 900 3 077 652 1,416 156JUN 1 281 217 319 272 2 821 926 1,221 437JUL 1 327 203 361 625 2 814 829 1 ,125 829AUG 1 335 970 400 194 2 764 078 1 ,0 2 7 914SEP 1 322 349 360 211 2 448 149 765 589OCT 1 331 974 503 953 2 733 807 897 880NOV 1 294 425 527 566 2 456 931 634 940DEC 1 318 284 562 666 2 682 871 801 921
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PRODUCTION IN BBLS. INJECTION NET FLUID
YEAR MO. OIL WATER IN BBLS. INJ. IN BBLS
UBSO BULLETIN 
EARTHQUAKES
1962 JAN 1 316 482 403 991 2 187 485 467 012
FEB 1 174 961 323 402 2 322 637 822 274MAR 1 329 113 375 535 2 612 518 907 870APR 1 308 019 391 117 2 681 886 982 750
MAY 1 358 020 434 983 3 104 189 1 ,311 186
JUN 1 284 663 425 459 3 000 551 1 ,290 429JUL 1 321 098 471 640 3 069 027 1,276 289
AUG 1 328 997 484 547 2 818 438 1 ,0 0 4 894SEP 1 296 095 459 904 2 838 628 1,082 629OCT 1 345 692 440 845 2 839 274 1 ,0 3 2 737NOV 1 297 271 420 737 2 759 036 1 ,0 4 1 028DEC 1 337 932 406 010 2 700 482 956 540
1963 JAN 1 329 682 408 412 2 575 525 837 431FEB 1 246 861 373 306 2 337 861 717 694
MAR 1 357 589 439 659 2 627 794 830 546APR 1 288 047 441 421 2 544 144 814 676MAY 1 302 193 457 473 2 547 793 788 127JUN 1 221 209 477 408 3 790 691 2 092 074 0JUL 1 243 833 519 414 3 313 810 1 550 543 2AUG 1 240 329 520 176 2 913 302 1 152 997 0SEP 1 212 308 302 645 3 198 286 1 483 133 9OCT 1 255 982 360 959 4 155 937 2 338 996 2NOV 1 214 394 583 228 4 177 920 2 378 298 5DEC 1 290 938 614 698 4 696 347 2 790 711 4
1964 JAN 1 306 524 668 555 5 299 243 3 324 164 16FEB 1 211 030 647 570 5 030 860 3 192 240 2
MAR 1 267 503 770 576 5 666 632 3 628 553 *APR 1 216 529 729 729 5 213 366 3 269 108 24
MAY 1 221 072 778 176 5 101 146 3 101 898 27JUN 1 187 017 789 474 5 703 oil 3 728 320 8JUL 1 220 721 811 521 5 663 320 3 631 278 42AUG 1 232 034 847 926 6 083 624 4 003 664 27SEP 1 184 722 828 526 6 381 163 4 367 915 13OCT 1 234 911 866 378 6 333 813 4 232 526 15NOV 1 216 001 834 614 5 974 696 3 904 081 24DEC 1 213 003 840 384 5 469 989 3 414 602 39
1963 JAN 1 247 150 878 607 5 700 167 3 574 410 4FEB 1 126 801 811 075 5 633 972 3 716 096 6MAR 1 246 397 952 845 5 553 347 3 354 103 33APR 1 214 412 918 082 5 087 995 2 955 501 23
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4 ,91 3 .6 74
4 ,97 2 ,9 84
5 ,168 ,259
5,428,238




5 ,89 8 ,9 1 4
6,183,999
6 ,02 3 ,680
6,375,363
5 ,89 1 ,213
6 ,209 ,1 7 0
6,345,444
6 ,3 4 2 ,6 3 1
6,379,518




2 ,9 3 0 ,4 2 2
2 ,92 4 ,459
3 ,1 0 9 ,1 7 4
2 ,76 4 ,0 55
3,057,185
2 ,96 8 ,019
3 ,29 3 ,4 9 0
3 ,007 ,8 4 7
3,258,564
3 ,04 1 ,0 8 5
3,054,981
3 ,19 6 ,2 46
3,135,807















All events and their phase arrivals are listed in 
chronological order. The day of the month and the arrival 
time of the phase are given in Greenwich Civil Time 
(G.C.T.). The phase arrival time is given in hour, 
minutes, and seconds.
The P phases identified are:
Pg - first arrival 
P* - second arrival 
P? - third arrival, path unknown
Pn - fourth arrival
P - not possible to identify as to which phase of 
the above four.
The phase v/as identified on seismometer Z-10, which is 
the vertical seismometer in the center of the array, unless
otherwise noted. Notations used are N = N/S and E = E/W for
the two horizontal seismometers which are also with Z-10 
in the center of the array, and SUM = SUÎ4 trace as shown in 
Figure 7.
The double amplitude is the amplitude of the phase, 
measured in millimeters, from the seismograph films that
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were enlarged ten times for viewing. B indicates the values 
were obtained from the UBSO bulletin because they were not 
readable on the film records.
S « P is the interval measured in seconds between the two 
phase arrivals.
A is the distance in km from the observatory to the epi­
center.
Azi is the azimuth from north measured at UBSO to the 
earthquake epicenter.
A is the double amplitude in millimicrons of the ground 


















































6 .6 5 57
119
1.5




















0 3-15-2 6 .5 0
2 8 .3 0
3 2 .8 0
36.95







06-14-1 3 .3 0
1 5 .4 5
1 9 .6 5
2 3 .8 5








0 4-49-0 9 .8 0
1 1 .4 0
1 5 .8 5
1 9 .0 0





05-16-0 3 .2 5
0 5 .5 0
10.10
1 4 .2 0
0.12 6.85 58 0.2
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11/ 7/62 Pg 06- 37 - 33.30 0 . 3 2 7 .3 64 0 .6P* 33.00 0 . 3 s 121
Sg N 38 - 00.80 0 . 3ESUR N 0 3 . 0 0
11/ 7/62 Pg 06- 39 - 19.23 0.12 6.0 31 0 .2P* 20.43 - -
Sg N 23.23 —SUR N 29.43
11/ 7/62 Pg 0 6 - 3 9 - 3 6 . 2 3 0.12 6.7 37 0 .2P* 3 8 .1 0 -
Sg N 4 0 - 0 2 . 9 3 -SUR N 0 7 . 1 3
11/ 7/62 Pg 0 9 - 3 3 - 0 1 . 1 0 0.62 6 .2 33 1 .2P* 0 2 . 3 0 0 . 6 s 112
Sg N 0 7 . 3 0 I . I ESUR N 11.43
11/ 7/62 Pg 0 9 - 3 9 - 4 1 . 8 3 0.12 8 .1 69 0 .2P* 4 3 .7 0 -
Sg N 49.93 -SUR N 3 4 . 0 3
11/ 7/62 Pg 0 9 - 4 9 - 2 3 . 3 3 0 . 3Z 7.33 63 0 .6Sg N 33.10 0 . 4 s 1 14SUR N 3 7 . 1 3 0 .8 E 116
Pg 2-1 2 3 . 4 3
Pg 2-2 2 3 . 3 3
Pg 2-3 2 3 . 4 0
11/ 7/62 Pg 0 9 - 3 3 - 3 4 . 9 3 0 . 3% 6.43 33 0 .6P* 3 6 . 6 0 0 . 2 s 112
8g N 3 6 - 0 1 . 4 0 0 . 3ESUR N 0 3 . 6 0
11/ 7/62 Pg 0 9 - 3 8 - 4 3 . 3 3 0 . 9% 7.1 61 1.9p* 47.43 0 . 3 s 117
Sg N 3 2 .6 3 0 . 6sSUR N 3 6 . 8 3
11/7/62 Pg 1 0 - 0 0 - 3 3 . 3 0 0.22 6 .6 36 0 .4p* 3 6 . 8 0 0 . 3 s 121
Sg N 01 - 01.10 0 . 3 s
SUR N 0 3 . 2 0
T 1163 40
Doub,
Date Phase Inst. Time Amp, S-P Azi, A
11/7/62 Pg 12-28-38.45 1.3Z 7.45 64 2.7
P* 39.75 0.4S 114





11/7/62 Pg 12-46-41.35 0.12 7.45 64 0.2
P 4 3 .4 0 - 114
Sg H 43.80 - 114
SUR N 5 2 .8 5
Pg 2-1 41 .2 0
Pg 2-2 4 1 .1 0
Pg 2-3 4 1 .1 5
1 1 / 8 / 6 2  pg  0 6 - 5 9 - 2 9 . 2 5  0 , 1 2  7 . 2 5  62 0 . 2
P* 3 1 .1 0
Sg N 3 6 .5 0
SUR lî 40 .60
11/ 3/62  Pg 1 0 - 0 5 - 3 8 . 7 0  0.62  6.6  56  1 .2
P 4 0 .8 0  0 . 3 s  116
Sg N 4 5 .3 0 0.6e
SUR N 49.45
11/ 8/62  Pg 1 2 - 4 6 - 5 4 . 0 0  0.22  7 . 1 5  61 0 .4
P* 5 4 . 9 0  0 . 4 s  118
Sg N 4 7 - 0 1 . 1 5  0 .6e
SUR îî 0 5 .2 0
11/8/62 Pg 14-13-1 5 .6 5 0.62 7 .5  64 1.2
P* 1 7 .0 0 0 .7s 120
Sg S 2 3 .1 5 1.22
SUR i? 2 7 .2 5
11/8/62 Pg 14-27-4 1 .8 0 0 .6 2 7.45 64 1.2
P» 43.00 0.6S 121
Sg N 4 9 .2 5 1.02
SUR N 5 3 .2 5
11/8/62 Pg 15-27-0 4 .1 5 0.43 7.5 64 0.8
P* 0 5 .5 0 0 .3s 114
Sg K 1 1 .6 5 0.7E



































































































































11/10/62 Pg 00-34-58.20 I.IZ 7.45 64 2.3p* 59.55 0 .4s 114




11/10/62 Pg 01-07-40 .30 0.32 7.45 64 1.0p* 42 .0 0 0 .2s 108
Sg N 47.95 0.6ESUR îl 5 2 .1 5
11/10/62 Pg 04-21-3 2 .2 0 0 .7 2 7.4 63 1.5P- 5 5 .4 0 108
Sg N 59.60
SUR N 45.75
Pg Z-1 5 2 .1 5
Pg Z-2 5 2 .0 3
Pg Z-3 5 2 .0 3
11/10/62 Pg 04-27-5 6 .8 3 0 .4 2 7.4 63 0.8p* 58.10 0.6S 117
Sg N 4 4.2 3 . 1.2E
SUR N 48.45
11/10/62 Pg 04-57-2 5 .2 5 0 .7 2 7.35 63 1.5P* 26.55 0 .4s 117
Sg N ' 3 2 .6 0 0.8E
SUR N 36.80
11/10/62 Pg 03-24-1 8 .9 5 O.IZ 7.45 64 0.2
Sg N 26.35 - —SUR N 3 0 .5 0
11/10/62 Pg 08-45-53.95 O.IZ 7.3 62 0.2
Sg N 46^0 1 .2 3 «M» —
SUR N 0 3 .4 5 -
11/10/62 Pg 18-34-10.75 1 .3 2 7.8 67 2.7P-̂ 1 2 .0 5 0 .6s 127
Sg N 18.55 0.8E
SUR N 22.75
11/11/62 Pg 05-23-4 6 .8 0 0.8Z 7.5 64 1.7P* 48.10 0 .2s 117
Sg N 5 4 .3 0 0.4%
SUR N 58.50
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11/11/62 Pg 03-37-44.33 0.6Z 7.43 64 1.2p* 43.60 0 ,4s 114




11/11/62 Pg 06-00-08.73 O.IZ 7.3 64 0,2
Sg N 16.23 -
SUR N 20.33 —
11/11/62 Pg 06-43-18.70 0.6Z 7.43 64 1,2P* 20.03 0 .3s 114
Sg N 26.13 0.7%SUR N 30.30
11/11/62 p£T 07-02-3 2 .1 3 0.7Z 7.43 64 lu5P* 3 3 .4 0 0 .3s 119
Sg N 39.60 0.3% 121SUR N 43.80
Pg Z-1 3 2 .1 0
Pg Z-2 3 2 .0 3
Pg Z-3 3 2 .1 0
11/11/62 Pg 07-04-3 6 .0 0 O.IZ 7.3 64 0.2p* 37.20 - -
Sg N 03-0 3 .3 0
SUR N 0 7 .7 0
11/11/62 Pg 07-12-0 1 .9 0 O.IZ 7.00 60 0.2p* 0 3 .6 0 M
Sg N 0 8 .9 0 -
SUR N 1 3 .1 0
11/11/62 Pg 20-32-3 0 .8 0 0.3Z 7.3 64 0.6p* 3 2 .2 3 0 .4s 120
Sg N 38.30 0.7%
SUR N 4 2 .4 3
11/11/62 Pg 21-43-44.33 O.IZ 7 .2 3 62 0.2
Sg N 3 1 .6 0 - ,
SUR N 33.80
11/12/62 Pg 17-23-3 3 .6 3 0.4Z 7.33 63 0.8p* 34.93 0 .4s 124
Sg N 24-0 1 .0 0 0.6%
SUR N 0 3 .1 3
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Doub
Date Phase Inst, Time Amp, S-P Azi, A
11/12/63 Pg 20-09-01.40 0 .4 2 7.45 64 0.8P* 02.75 0 .4s 120
Sg N 08.85 0.7E
SUR N 1 3 .0 5
11/13/62 Pg 03-32-58.95 1 .4 2 7 .2 5 62 2.9Sg N 33-06.20 0 .2s 114SUR 11 10.25 0.4E 117Pg 2-1 58.90Pg 2 -2 58.80
Pg 2-3 58.85
11/13/62 Pg 15-43-07.15 0.22 7 .0 5 60 0 .4p* 08.25 0.33 117Sg N 14.20 0.6S
SUR N 18.35
11/13/62 Pg 15-43-39 .05 8 .62 7.95 68 13 .4P* 40.35 2. IS 119Sg 11 37.00 4.3E 116
Pg 2-1 38.95Pg 2-2 38.85Pg 2-3 38.95
11/13/62 Pg 15-57-06.40 1.22 7 .30 62 2.5P* 07.60 0.8S 117Sg II 13.70 1.8E
SUR II 17.85
11/1 3 /6 2 Pg 16-2 2-5 7 .2 5 0 .4 2 7 .4 0 63 0,8
P* 59.00 0 .5s 119
Sg II 23-0 4 .6 5 0.9E
SUR N 08 .85
11/13/62 Pg 16-52-30.45 0.12 7 .1 5 61 0.2
P* 3 1 .8 5Sg N 37.60 -
SUR N 4 1 .8 5
11/13/62 Pg 17-31-07.15 2.22 7 .3 0 62 4 .6











































18-24-3 1 .1 5








































19-24-2 9 .7 5
3 1 .5 0
37.10
41 .3 0







19-44-2 5 .1 5
2 6 .5 0
3 2 .4 5













19-52-1 9 .0 0
2 0 .6 5
26.35
3 0 .4 5








2 4 .1 5
2 8 .2 5


















Date Phase Inst, Time Amp, S-P Azi, A
11/13/62 Pg 20-40-31.20 0.9% 7.30 62 1.9P* 32.35 - -Sg R 38.50 -
SUR N 42.70
11/13/62 Pg 22-57-48.50 O.IZ 7.40 63 0.2P* 49.85 - -
Sg N 55.90SUR N 59.95
11/13/62 Pg 25-24-02.85 O.IZ 8.45 72 0.2Sg N 11.30 - -SUR N 15.45 —
11/13/62 Pg 23-56-24.40 0.5Z 7.60 65 0.6P* 25.85 0 .4s 117
Sg N 32.00 0.8E
SUR N 36.20
11/14/62 Pg 00-41-51.55 O.IZ 7.65 65 0.2P* 53.25 0 .2s 117
Sg N 59.20 0.4ESUR N 42-03.45
11/14/62 Pg 01-38-07.05 O.IZ 7.35 63 0.2
Sg N 14.40 —SUR N 18.50 —
11/14/62 Pg 01-56-09.85 O.IZ 7.00 60 0.2
Sg N 16.85 - —SUR N 21 .05 —
11/14/62 Pg 04-32-31 .80 O.IZ 7.20 61 0.2p* 33.00 -
Sg N 39.00 -SUR N 43.20
11/14/62 Pg 04-36-04.00 O.IZ 7.10 61 0.2Sg N 11.10 —SUR R 15.25 -
11/14/62 Pg 04-46-59.55 O.IZ 7 .1 5 61 0.2
Sg N 47-06.70 0 .3s 128SUR N 10.85 0.4E
11/14/62 Pg 04-49-30 .45 O.IZ 7 .25 62 0.2P* 31 .90 -
Sg N 37.70 -SUR N 41.90
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Date Phase Inst, ■Time
Doub.
Arnp. S-P AAzi, A
11/14/62 Pg 05-04-4 3 .5 0 0.62 7.10 61 1.2P* 44.95 - -
Sg N 50.60 -
SUR R 54.75
11/14/62 Pg 05-14-15.05 0.5Z 7 .60 65 1,0
Sg N 22.65 0 .5s 125SUR N 26.90 0.7E
11/14/62 Pg 07-49-25.05 0.12 7.30 62 0.2P* 26.25 O.IS 108
Sg N 32 .35 0.5ESUR N 36.55
11/14/62 Pg 08-07-59.35 0.3% 7.65 65 0,6
Sg N 08-07.00 0 .2s 112
SUR N 11.15 0.53
11/14/62 Pg 09-01-04.45 0.62 7.55 65 1.2
Sg N 12.00 0 .3s 117
SUR N 16.25 0.6E
11/14/62 Pg 10-28-19.35 0.12 7.45 64 0.2
Sg N 26.80 0 .2s 109
SUR N 30.80 0.6E
11/14/62 Pg 10-28-51.15 0.3Z 8.10 69 0,6
Sg 59.25 0 .3 s 121
SUR N 29-03.45 0.5E
11/14/62 Pg 10-53-40.15 0.7Z 7.40 63 1.5
41.55 0 .4s 120
Sg N 47.55 0.7ESUR N 51.80
11/14/62 Pg 10-56-16.50 0.12 6.40 55 0.2
Sg N 22.90 0 .2s 117
SUR N 27.15 0.4E
11/14/62 Pg 11-19-10.40 0.22 7 .40 63 0.4
Sg N 17.80 0 .2s 112
SUR N 21.90 0.5E
11/14/62 Pg 11-43-50.35 0.62 8 .95 76 1,2
Sg N 59.30 0 .3s 114









11/14 /6 2 Pg 12-22-43.33 0.3Z 8 .3 0 73 1.0S g N 3 1 .9 3 0 .4s 114SUR R 3 6 .1 3 0.93
11/1 4 /6 2 Pg 12-33-3 0 .1 0 0.22 7 .0 3 60 0,4
Sg R 3 7 .1 3 0 ,4s 114SUR R 4 1 .33 0 .9 3
11/1 4 /6 2 Pg 12-43-2 4 .8 0 0.3Z 7 .3 0 64 0.6
Sg K 3 2 .3 0 0 .3s 114
SUR N 3 6 .4 3 0 .7 3
11/1 4 /6 2 Pg 13-33-4 3 .60 0.3Z 7 .03 60 0.6
Sg R 30.63 0 .4s 110
SUR N 34.70 1.13
11/1 4 /6 2 Pg 14-06-37.30 0.4Z 7 .30 62 0.8
P* 38.60 0 .4s 124
Sg N 4 4 .8 0 0.63
SUR R 4 8 .9 3
11/1 4 /6 2 Pg 20-16-18.00 0.3Z 7 .30 62 0.8
Sg N 23.30 0 .3s 122
SUR R 2 9 .6 0 0.83
11/15 /62 Pg 00-42-2 1 .9 3 0.7Z 7 .30 64 1,2
Sg N 2 9 .4 3 0 . 6s 108SUR N 3 3 .6 3 1.83 107
Pg Z-1 2 1 .9 0
Pg 2-2 2 1 .8 0
Pg Z-3 21.80
11/1 5 /6 2 Pg 00-36-0 9 .9 3 0.62 7.63 63 0.9
Sg R 17.33 0.6S 124SUR R 21.70 0 .9 3
11/1 5 /6 2 Pg 01-09-10.20 2.12 7 .4 0 63 3.4
Sg N 17.60 0 .9s 127
SUR N 21.73 1.23
11/1 5 /6 2 Pg 02-16-3 2 .4 0 0.12 7 .30 64 0.2
Sg N 3 9 .9 0 —
SUR R 17-03.93 ■
11/1 5 /6 2 Pg 03-16-1 1 .8 3 0.62 8.60 73 0.9




Date Phase Inst. Time Amp, S-P Azi. A





08-14-3 1 .1 3
37.73




6 .6 0 36
124
0.3





08-19-2 3 .1 3
2 4 .3 0
3 0 .3 0  












09-0 7-1 3 .8 3
20.83












09-24-0 1 .4 3
0 9 .6 3
1 4 .0 0
0 .3 2









13-13-1 7 .1 3
2 4 .3 0
28.63
0 .3 2
0 . 2 s
0.4E








13-17-4 0 .7 0
4 8 .2 0
3 2 .3 0
0.22
0 . 2 s
0 .4 3
7 . 3 0 64
117
0.3













4 7 .7 0
4 8 .8 3
33.80
37.80
4 6 .4 3  













03-36-0 2 .2 3
0 9 .3 0




7 .0 3 60
112
0.3





03-36-0 1 .8 3

























Date Phase Inst, Time Arnp, S-P Azi. A
11/16/62 Pg 04-01-34.70 0 .2 2 8.40 72 0.3
Sg R 02-03.10 0 .3s 121
SUR N 07.30 0.3E
11/16/62 Pg 04-02-07.95 0 .1 2 8.63 74 0 .2
Sg N l6.60
SUR N 20.83 -
11/16/62 Pg 04-18-01.75 0.4Z 6.45 55 0 .6
Sg N 08.20 0 .4s 117
SUR R 12.40 0 .8Z
11/16/62 Pg 04-22-00.35 0.7Z 7 .23 62 1.2p* 01.70 0 .3s 113P 03.35 I.IE
Sg N 07.80
SUR R 11.95
11/16/62 Pg 06-13-35.45 0.4Z 7.35 63 0.6
Sg R 42.80 0 .3s 121
SUR R 46.90 0 .3 3
11/16/62 Pg 07-41-29.90 0.12 7.45 64 0.2
Sg R 37.35 —SUR N 41.50 —
11/16/62 Pg 09-45-16,75 0.8Z 7.45 64 1.4P» 17.95 0 .2s 117P 19.30
Sg R 24.20 0 .4 3
SUR R 28.50
11/16/62 Pg 09-52-29.20 1.12 7.45 64 1.9P* 30 .40 0 .3s 117P 31.75 0.63
Sg N 36 .63
SUR 40.80
11/16/62 Pg 10-07-26.00 0.3Z 7.10 61 0.3
Sg R 33.10 0 .4s 117
SUR 37 .15 0.83
11/16/62 Pg 10-07-42.03 6.02 7 .0 3 60 9.4p-x- 43.30 108































































































































Date Phase inst. Time Amp, S-P Azi. A
11/1 6 /6 2 Pg 11-37-31.70 3.0Z 7,40 63 4.7P* 32.93 0 .6s 112P 34.30 1.32
Sg N 39.10SUR N 43.10
11/1 6 /6 2 Pg 11-41-1 3 .8 0 1.3Z 7.30 64 2.3p* 16.73 0.4S 117
Sg N 23.30 0 .8E
SUR N 27.43
11/1 6 /6 2 Pg 11-42-2 6 .8 0 O.IZ 9 .2 0 79 0 .2
Sg R 3 6 .0 0 108




11/1 6 /6 2 Pg 11-48-08.63 0.32 7.40 63 0 .8
Sg N 16.03 0.4S 114SUR N 2 0 .1 0 0.9E
11/1 6 /6 2 Pg 11-31-33.33 O.IZ 8.93 76 0 .2
S g N 44.30 0.2S 117SUR N 48.63 0.43
11/1 6 /6 2 Pg 11-34-39.13 0.2Z 7.30 64 0.3
Sg N 33-06.63
SUR N 10.83 -
11/16/62 Pg 13-37-37.73 0.2Z 7.40 63 0.3P* 39.23 0.4S 120
Sg N 43.13 0.73SUR N 49.30
11/17/62 Pg 03-12-2 0 .6 0 0.4Z 7.03 60 0 .6
Sg N 27.63 0 . 4S 108
SUR N 3 1 .8 0 1.23
11/17/62 Pg 03-24-36.33 0.2Z 7.33 64 0.3
Sg N 23-0 4 .1 0 0.3S 117
SUR N 08.13 0.63
11/1 7 /6 2 Pg 06-47-20.70 0.42 7.40 63 0 .6
Sg R 2 8 .1 0 0.3S 114
SUR R 32.03 0.73
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17'-33-1 9 .6 3
26.80
3 0 .8 0
l.OZ
0 . 9 s
2.73
7 . 1 3 61
108
1.7





22.32-3 0 .0 3
37.43
4 1 .3 3
0.6Z
0 . 3 s
0.73









2 8 .3 0
3 2 .3 0
0.3Z














0 . 3 s
0 . 7 3








1 q.-00-3 3 .3 0
4 0 .6 3
4 4 .8 0
0 . 3 3
0 . 2 s
0.43








13'-07-3 3 .3 3
4 0 .9 0
4 3 .1 3





16--30-3 6 .2 3
31-0 3 .4 3
0 7 .3 3
0.2Z





11/1 9 /6 2 NOUE





og.-12-3 6 .3 0
4 3 .4 0
47.83
O.IZ 6 .9 0 39 0.2
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Date Phase Inst. Time
Doub,
Amp, S-P Azi. A
11/20/52
11/21/52
11/2 1 /6 2
11/2 1 /6 2
11/22/62
11/2 3 /6 2
1 1 / 2 4 / 6 2
1 1 / 2 4 / 6 2















































4 3 .4 0  0 . 6 s
47.30 0.8E
00- 14- 31.00 0.32




10- 46- 29.30 0,32
37.43 0 . 3 s
4 1 . 7 3  0 . 7E
1 3 - 4 8 - 4 3 . 1 3  0 . 3 2  
3 2 . 9 0  0 . 3 s
37.03 0.6E
06-44-09 .33 O.IZ
1 7 .2 0
2 1 .3 0
07-03-49.40 0.2Z
3 6 . 6 3  0 . 4 s
06-00.63 0.7E
19- 40- 30.70 0.62
3 8 . 8 0  0 . 6 s43.00 0.8E
0 1 - 1 4 - 0 7 . 1 0  0.6Z
1 4 . 8 0  0 . 2 s
1 8 . 8 3  0 . 4E
0 4 - 0 0 - 1 0 . 3 0  0 . 3 2
17.93 0 . 4 s
22.03  0.8E
06-08-04.33 0.2Z
1 1 .4 0  0 . 1 s
13.63 0.4E
7 . 1 3  61 0 .3
127
8.00 68 0.3 
119







7 . 2 3  62 0 . 3120
8 . 1 0  69 0 . 9
127










































09-16-0 4 .4 0
13 .0 0











10 —44 —17 . ̂;0
2 4 .9 3











1 8 .2 3
























11-11-1 9 .7 3
2 7 .0 0
3 1 .1 3


















18-10-0 2 .6 0
0 3 .8 3
0 6 .3 0  
0 9 .1 3  
11 .03  
1 3 .1 0
0 2 .3 0
02.43




























11/30/62 Pg 22-23-10.23 1 4.2Z 7.10 61 22 .2P* 11.60 108
Pn SUM 14.30





11/30 /62 Pg 22-36-01.60 1.6Z 7.23 62 2,6
P» 02.33 0 .6s 111
Sg N 08.83 1.4ESUP N 12.20
12/1/62 pg 02-23-48.93 0.7Z 7 .30 64 1.2
Sg N 36.43 0 .3s 111SUR N 26-00.40 0.8E
12/1/62 Pg 02-37-13.70 0.4Z 7.40 63 0,6
Sg N 21.10 0 .2s 107
SUP N 23.43 0.7E
12/1/62 Pg 03-26-06.73 0.3Z 8.10 69 0.3
Sg N 14.83 0 .1s 108SUP N 19.03 0.3E
12/1/62 Pg 04-30-36.23 O.IZ 9.00 77 0.2
Sg N 43.23 O.IS 108
SUP N 49.33 0.3E
12/1/62 Pg 08-10-23.73 0.2Z 7.20 61 0.3
Sg N 32.93 - -
SUP N 36.80 —
12/1/62 Pg 09-17-37 .13 O.IZ 7.90 67 0 .2
Sg N 43.03 - •w
SUP N 49.30 - —
12/1/62 Pg 18-36-48.30 0.4Z 8 .40 72 0 .6
Sg N 36.90 0.4E 124
SUP N 37-01.00 0.6S
12/2/62 Pg 02-03-24.63 0.4Z 8.80 73 0.6
Sg N 33.43 -
SUP N 37.63 -
1163 57





12/2 /62 Pg 02-03-14.33 0,2Z 8.33 73 0.3
Sg N 23.10 O.IS 108
SUP N 27.30 0 .3E
12/2 /62 Pg 06-19-23.73 0.3Z 9.33 80 0.3
Sg N 33.10 0 .1s 108
SUP N 37.33 0.3E
12/2 /62 Pg 06-28-22.20 0.4Z 7 .40 63 0.6
Sg N 29.60 0 .3s 108
SUP N 33.90 0 .9 2
12/3/62 Pg 00-39-23.63 0.3Z 7 .40 63 0.8
Sg N 33.03 0 .1s 108
SUP N 37.20 0 .3 2
12/3/62 Pg 01-38-00.83 0.4Z 7 .40 63 0,6
Sg N 08.23 -
SUP N 12.30 —
12/4/62 Pg 01-30-12.60 0.4Z 9.73 83 0.6
Sg N 22.33 0 .4s 1170.82
12/5/62 pg 09-36-43.60 0.2Z 7 .90 67 0 .3
Sg N 31.30 -
SUP N 33.80
12/6/62 Pg 03-10-03.43 0.2Z 7.83 67 0 .3
Sg N 11.30 - -
SUP N 13.43 —
12/6/62 Pg 09-32-19.33 8.8Z 8 .60 73 13 .8p* 20.63 3 .0s 114




12/6/62 Pg 09-48-04.73 0.2Z 7.20 61 0 .3
Sg N 11.93 - -SUP N 16.30 —
12/6/62 Pg 09-31-13.70 0.2Z 8.43 72 0 .3
Sg N 24.13 - -
SUP N 28.40 -
T 1163 58





12/6/62 Pg 11-03-34.30 0.3Z 7.33 63 0.8Sg N 06-01.83 0 .2s 112SUR N 06.03 0.3%
12/6/62 Pg 13-13-19.03 0.4Z 7 .30 64 0.6Sg N 26.33SUR N 30.80 -
12/6/62 Pg 17-02-34.63 1.3Z 7.33 63 2.2Sg N 42.00 0.4% 114SUR N 43.83 0 .9s 114Pg Z-1 34.30Pg Z-2 34 .40Pg Z-3 34.43
12/6/62 Pg 17-36-32.13 1.3Z 7.33 63 2.2Sg N 39.30 •• 114SUR N 37-03.63 -
Pg Z-1 36-32.10Pg Z-2 32.00Pg Z-3 32.03
12/7/62 Pg 01-08-43.33 0.7Z 7 .30 62 1.2P* 44.73'Sg N 30.83 0 .4s 124SUR N 33.03 0.6E
12/7/62 Pg 13-39-30.33 1.3Z 7.33 64 2.3Sg •N 37.90 0 .3s 113SUR N 42.10 1.22
12/7/62 Pg 17-31-27.83 0.2Z 7 .40 63 0.3Sg N 33 .23 — -SUR N 39.30 —
12/8/62 Pg 04-28-02.80 0.8Z 7.20 61 1.4Sg N 10.00 0 .3s 114SUR N 14.43 0 .7%
12/8/62 Pg 04-31-16.20 0.3Z 6.70 37 0.8Sg N 22.90 0 .2s 112SUR N 27.20 0 .3%
12/8/62 Pg 03-31-12.80 0.3Z 7.43 64 0.8Sg N 20.23 -SUR N 24.30 -
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12/8/62 Pg 07-19-38.73 0.4Z 8 .6 0 73 0.6
Sg N 47.33 - -SUR N 31.33 —
12/8/62 Pg 07-19-33.70 0.3Z 8.73 73 0.3
Sg N ■ 20-04.43 -SUR N 0 8 .6 0 -
12/8/62 Pg 07-22-47.83 0.4Z 7 .7 0 66 0 .6
Sg N 33.33 - -SUR N 39.83 -
12/8/62 Pg 11-38-38.43 1.3Z 7 .2 3 62 2 .2




12/8/62' Pg 11-43-31.40 0.3Z 7.10 61 0 .8
Sg N 38.30 0 .4s 117SUR N 42.30 0.8%
12/8/62 Pg 12-33-43.23 0 .6Z 7.33 63 0 .9
Sg N 30.60 - —
SUR N 34.80 -
12/8/62 Pg 17-33-38.73 O.IZ 7 .1 3 61 0 .2
Sg N 43.90 — —
SUR N 49.80 —
12/8/62 Pg 19-16-30.33 0.3Z 8.20 70 0 .8
Sg N 38.73 0 .3s 114SUR N 43.00 0.7%
12/8/62 Pg 19-23-4 0 .4 0 O.IZ 8.43 72 0 .2
Sg N 48.83 - -SUR N 33.10 —
12/8/62 Pg 23-33-0 9 .8 0 0.9Z 7 .3 0 64 1.6
Sg R 1 7 .3 0 - -,
SUR N 21,43 -
12/9/62 Pg 09-28-4 8 .0 3 O.IZ 6.00 31 0.2
Sg N 3 4 .0 3 -
SUR R 38.20 -
T 1163 60
Dat e Phase Inst. 'Time Doub, Amp, S-P AAzi. A
12/9/62 Pg 09-47-17.40 0.2Z 9.10 78 0.3Sg K 26.30 0.2s 112SUR K 30.80 0.3%
12/9/62 Pg 10-49-33.40 0.2Z 7.70 66 0.3Sg K 43.10 - -SUR N 47.33 —
12/9/62 Pg 11-19-32.83 O.IZ 7.93 68 0.2Sg N 40.80 - -SUR N 44.83 —
12/9/62 Pg 16-12-46.33 0.8Z 7.13 61 1.4Sg N 33.30 0.2s 112SUR N 37.70 0.3%
12/9/62 Pg 17-30-23.80 0.2Z 9.33 82 0.3Sg N 33.33 - —SUR N 39.63 —
12/9/62 Pg 19-28-27.33 0.3Z 9.93 83 0.8Sg N 37.30 0.3s 114SUR N 41.73 0.7%
12/10/62 Pg 02-46-06.23 0.2Z 7.73 66 0.3Sg N 14.00SUR N 18.13
12/10/62 Pg 03-39-00.33 0.6Z 7.30 62 0.9Sg N 07.83 — -SUR ,N 11.90 —
12/10/62 Pg 06-13-17.30 0.3Z 7.23 62 0.3Sg N 24.73 0.2s 112SUR N 28.93 0.3%
12/10/62 Pg 13-32-30.43 0.2Z 7.00 60 0.3Sg 37.43 — -•SUR N 33-01.73
12/10/62 Pg 20-12-18.43 0.4Z 7.23 62 0.6Sg N 23.70 0.2s 112SUR N 30.00 0.3%
12/10/62 Pg 20-12-33.30 0.6Z 8.23 70 0.9Sg N 13-01.33 0.8s 117SUR N 03.70 1.6%
? 1163 61
Date Phase inst. Time
Doub,
Amp, S-P AAzi. A
12/11/62 Pg 06-20-27.73 0.2Z 9.70 83 0.3Sg N 37.43 — -SUR N 41.60 —
12/11/62 Pg 06-33-43.10 1.72 7.30 62 2.8p* 46.33 108Sg N 32.40 0 .3s 111SUR N — 1.3%
Pg Z-1 43.00Pg Z-2 44.93Pg Z-3 44.93
12/11/62 Pg 07-32-38.20 0.2Z 8.00 68 0,3Sg N 46.20 —SUR N 30.33 -
12/11/62 Pg 17-01-33.73 0.6Z 7 .90 67 0.9Sg N 43.63 0 .3s 111SUR N 47.80 1.3%
12/12/62 Pg 22-48-04.73 0.6Z 7 .40 63 0.9Sg H 12.13 -SUR R 16.33 —
12/13/62 N02UG
12/14/62 Pg 21-38-37.80 0 .7 2 7.93 68 1.2Sg N 43.73 0 .3s 111SUR •N 49.93 0.8%
1,2/15/62 Pg 22-48-24.73 0.2Z 8.00 68 0.3Sg K 32 .73 *• —SUR N 36 .93
12/15/62 Pg 22-33-44.10 1.2Z 7.43 64 2 ,0p* 43.33 0 .3s 108Sg N 31.33 0 ,9%SUR N 33.73
12/15/62 Pg 23-30-33.30 1 .32 7.33 63 2.3p* 36.40 0 .8s 122
Sg N 31-02.63 1.3%SUR N 06 .83




Date Phase Inst, Time Amp. S-P Azi. A
12/15/62 PgSgSUR NN
23-31-39.8332-03.8010.00
0.4Z 3.93 31 0,6
12/16/62 PgSgSUR N R .
00-22-37.1344.3348.70
0.32 7.40 63 0.8
12-16-62 PgSgSUR KN
04-30-04.7311.7013.80
O.IZ 6.93 39 0.2
12/16/62 PgSgSUR NN
08-09-38.4343.9030.10
O.IZ 7.43 64 0.2
12/16/62 PgSgSUR NN
10-03-21.9331.2333.43





































4 1 .9 348.20




7 .4 0 108 0.9
63
Date Phase Inst. Time Doub, Amp, S-P
A
Azi, A
12/16/62 Pg 13-26-23.10 O.IZ 7.40 63 0 .2Sg N 32.30 - -SUR R 36.73 -
12/16/62 Pg 13-34-07.33 1.62 7.40 63 2 ,6P* 08.33 0.3s 108Sg N 14.73 0.9%SUR N 18.83
12/16/62 Pg 13-36-32.20 0.2Z 8.60 73 0 .3Sg N 37-00.80 — —SUR N 03.10 -
12/16/62 Pg 13-37-39.70 O.IZ 9.33 80 0.2Sg N 49.03 - —SUR N 33.23 -
12/16/62 Pg 13-39-36.33 0.42 6.60 36 0.6Sg N 40-02.93 0.2s 108SUR N 07.03 0.6%
12/16/62 Pg 13-30-43.23 0.82 9.13 78 1.4Sg K 34.40 0.4s 112SUR N 38.63 1.0%
12/16/62 Pg 16-31-09.93 O.IZ 8.30 71 0.2Sg R 18.23 - -SUR K 22.33 —
12/16/62 Pg 17-09-23.33 1.42 7.40 63 2 .3P* 24.30 0.4s 114Sg R 30.73 0.9% 114SUR R 34.80
Pg Z-1 23.23Pg Z-2 23.13
Pg 2-3 23.20
12/16/62 Pg 17-12- O.IZSg N 16.90 - - - 0.2SUR R 21.03 - —
12/16/62 Pg 17-31-03.73 0.32 7.70 66 0 .8Sg R 11.43 - -SUR N 13.73 — \








































































03-47-2 7 .6 3
34.93
3 9 .1 3
O.IZ 7 .3 0 62 0.2
T 116 65























































0.32 7.13 61 0.8
12/25/62 PgSgSUR NN
03-11-03.7312.9017.10





0 .2Z 10.10 86 0 .3
T 1163 66
Doub,














































































0.2Z 7.43 64 .2
10/2/66 PgSgSUR NN
10-12-14.9023.2027.30



























10/2 /66 PgSgSUR NN
16-33-34.3336-02.10
06.20













0.22 7.73 66 .2
T 1163 68
Dou’d .
Date Phase Inst. Time Amp, S-P Azi, A
10/2/66 Pg 22-32-43.13 0.6Z 7.43 64 . 6
Sg N 32.60 114
SUR N 36.73




10/2/66 Pg 23-07-4 6 .3 3 3.2Z 8.20 70 3.3p* 48 • 40 119Pn 3 0 .4 0
Sg N 34.73
SUR N 3 9 .0 3
10/2/66 Pg 23-09-1 3 .3 3 0.4% 8 .4 0 72 .4
Sg N 21.73 114SUR N 26.00
10/2/66 Pg 23-11-3 8 .7 3 0.2Z 6.33 34 .2
Sg N 43.10 —
SUR N 4 9 .1 3
10/2/66 Pg 23-23-0 3 .4 3 0.3% 7.43 64 .3
Sg N 1 0 .9 0 114
SUR N 1 4 .8 3
10/3/66 Pg 08-06-38.43 0.2Z 8.00 68 .2
Sg N 07-0 6 .4 3 108
SUR N 10.60
10/3/66 Pg 08-3 7-1 1 .4 0 B 7.20 61 33.4
P^ 1 3 .4 108
P? 1 4 .8
Pn S 1 3.4
Sg R 18.6
SUR N 2 3 .9
10/3/66 Pg 10-34-33.00 0.9% 7.10 61 .9
Sg N 33-00.10 108
10/3/66 Pg 19-02-2 1 .0 B 7.3 62 9.0
Sg N 28.3 108

















































































































Date Phase Inst. Time Amp, S-P Azi. A
























04-29-5 9 .0 5
4 7 .2 5
5 1 .4 5
0.12 8.20 70 .1





01-19-5 2 .4 5
4 0 .7 0
4 4 .9 0








15-0 2-5 9 .6 5










15-28-1 9 .7 5
26.80
5 1 .1 0











0.22 7.00 60 .2








B 7 .4 0 65
108
2.0



































3 7 .5 0 62
108
1 .6
10/2 0 /6 6 PgP*
Pn
Sg K
09-08-5 1 .2  
52.7 
5 4 .6  
5 8 .6
B 7 .4 0 65
119
0.4






















0.5Z 7 .4 0 65 
108 ,
.5















2 5 .2 0
0.2Z 7.6 65 .2





05-15-5 5 .5 0
40 .90
45.00






10-14-2 4 .5 5
5 2 .8 0
57.10
0.12 8 .2 5 70 .1







2 2 .6 0
2 6 .2 5









19-50-5 5 .6 0
5 1-0 5 .0 0






Date Phase Inst, Time Amp. S-P Azi. A
10/2 5 /6 6 Pg 12-05-5 2 .9 0 0.9Z 8.45 72 .9
Sg N 4 1 .3 5 108SUR N 45.55
10/2 5 /6 6 Pg 15-48-1 4 .4 5 B 7.35 63 1.8Pn 1 7 .7 0 108Sg N 21.80
SUR N 2 5 .9 0
10/26/66 Pg 07-14-1 9 .5 0 0.8Z 7.2 61 .8
P* 20.80 119Pn 2 2 .1 5Sg N 2 6 .7 0
SUR N 3 0 .9 5
12/27/66 Pg 22-25-0 9 .9 0 0.22 7 .2 5 62 .2Sg N 1 7 .1 5 -SUR N 2 1 .2 5
10/28/66 NONE
10/2 9 /6 6 Pg 09-21-5 7 .7 5 0.62 7.35 63 .6P* 59.00 108
Sg N 22-0 5 .1 0
SUR N 0 9 .3 0
10/2 9 /6 6 Pg 12-54-1 7 .9 0 0.5Z 7.45 64 .3P* 1 9 .3 0 108
Sg N 2 5 .3 5SUR N 2 9 .5 5
10/3 0 /6 6 Pg 00-48-3 6 .7 0 0.5Z 7.55 64 .3Sg N 4 4 .2 5SUR N 4 8 .5 0
10/5 0 /6 6 Pg 08-05-4 4 .6 5 0.5Z 7.45 64 .3Sg N 5 2 .1 0 108
SUR N 5 6 .2 5
10/5 1 /6 6 Pg 09-17-4 3 .0 0 0.5Z 7.35 63 .3Sg N 5 0 .3 5 -SUR N 54.55
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1 1 - 5 1 - 2 4 . 3 0
3 2 . 1 0
36.33






1 4 - 2 0 - 2 1 . 8 0
2 7 . 7 0
31.93






16- 26 - 20.50
28.63
3 2 . 8 3






1 8 - 2 6 - 3 1 . 8 0
4 0 . 4 3
4 4 . 7 0








0 8 - 0 0 . 1 3






1 4 - 0 9 - 0 2 . 5 0
0 9 . 3 3
1 3 . 3 3






1 4 - 1 9 - 1 9 . 1 0
26.40
3 0 . 3 3






1 9 - 0 7 - 1 3 . 9 3
21.63
2 3 . 8 3










1 4 - 3 8 - 3 9 . 3 0
4 0 .43 
4 2 .8 0
4 6 . 4 3
49.73
1.32
0 . 3 s
1 . 3E





4 6 . 8 0
0.22
0 . 2 s
0 . 3E
7 . 1 3 61112
0 .2
T 1163 74
































1 .2 2 6 .0 3 32 1.3















































0 6—48—0 4 .9 0  













08-34-0 7 .3 316.10
2 0 .3 0






20-16-2 4 .4 3
3 2 .0 3
36.30






06-06-2 2 .3 3
3 1 .3 0
33.63






04-32-4 1 .9 3
30 .0 0
34.33





0 .4 2 7 .3 0 62 0.4
1163 75






































































































Date Phase Inst. Time Amp, S-P Azi, A






11/24/66 Pg 04-41-06,20 3.2% 8.70 74 3.3






11/24/66 Pg 16-26-08,45 1,42 6,20 53 1.5
Sg N 14 .65
SUR N 1 8 ,7 5
11/2 5 /6 6 NONE
11/2 6 /6 6 Pg 0 5-30-0 0 ,7 0 0.2Z 7 ,9 0 67 0,2
Sg N 38,60 0,23 112
SUR N 4 2 ,5 0 0.5E
11/2 7 /6 6 NOIJS
11/28/66 Pg 10-23-4 7 .8 5 0,5% 6,20 53 0.5
Sg N 5 4 .0 5 0 ,3s 111
SUR N 5 8 ,3 0 0,8E
11/2 9 /6 6 Pg 11-45-1 1 .9 0 0.2% 7.10 61 0.2
Sg N 19 .00 0 , 2 s  112
SUR H 2 3 .3 0 0.5E
11/2 9 /6 6 Pg 12-3 1-2 3 .2 5 0,2% 5 .5 0 47 0,2
Sg N 28.75 -
SUR N 3 2 ,9 0
11/2 9 /6 6 Pg -12-46-1 9 .6 5 0.1% 8.10 69 0,1
Sg H 27.75 -
SUR S 3 1 .9 5
11/2 9 /6 6 Pg 14-28-1 7 .3 5 0.4% 7 .9 0 67 0 ,4
Sg H 2 5 ,2 5 0 ,2s 112
SUR N 2 9 ,5 0 0.5E
T 1165 77






















































































0.6% 7.10 61 2 .4 '
T 1163 78
Date Phase Inst, Time Amp, S-P Azi. A
12/7 /6 6 Pg 20-36-21.73 0.3% 7 .1 0 61 1 .2
Sg N 28.83 - -SUR N 3 2 .9 3 -
12/8/66 NONE
12/9/66 N01T2
12/10/66 Pg 03-0 4-43 .30 0.6Z 7 .4 0 63 1.8Sg N 3 0 .9 0 - -SUR N 3 3 .1 3 ' —
12/11/66 NONE
12/12/66 Pg 0 9-17-3 1 .9 0 0.3% 6.73 38 1.0Sg N 3 8 .6 3 - -SUR N 18-02.80 -
12/12/66 Pg 09-33-3 9 .9 3 0.2Z 8 .2 3 70 Ol6Sg N 34-08.20 - -SUR N 12 .30 -
12/12/66 Pg 12-03-39 .30 0.3% 8 .2 3 70 1.0Sg N 04-0 7 .7 3 - -SUR N 1 1 .8 0 -
12/1 3 /6 6 Pg 0 7-33-3 3 .0 3 0.2Z 7 .0 3 60 0.4Sg N 40 .10 - -SUR N 44 .30 —
12/14/66 NONE
12/1 3 /6 6 Pg 01-3 8-43 .03 0 .3% 7.43 64 0.3Sg N 3 2 .3 0 - -SUR N 36 .60 -
12/16/66 NONE
12/1 7 /6 6 NONE
12/1 8 /6 6 Pg 04-3 4-43 .7 0 3.6% 7.20 61 3.8P* 4 7 .70 — 114
Pn 49.10 —Sg E 3 2 .9 0SUR E 3 6 .3 0
Pg Z-1 43.33Pg Z-2 43.43Pg %-3 4 3 .30
T 1163 79
Doub, A
Date Phase Inst. Time Amp. S-P Azi. A





04-33-1 8 .7 0
26.43









04-33-4 3 ,8 3
3 2 .2 0
3 6 .4 0






04-36-1 3 .6 3
1 9 .7 0
2 3 .9 0








03-03-0 9 .3 0
18.00
2 2 .1 3






03-0 8-1 1 .2 0
18.60
2 2 .8 3








03-3 9-0 4 .7 3
1 3 .3 0
1 7 .7 3






03-48-3 0 .4 3
3 8 .0 3









03-30-1 4 .3 0










06-07-3 9 .6 3
4 6 .3 0
3 0 .7 0






06-39-3 0 .7 0
3 7 .9 0
















16-21-4 3 .8 3














Date Phase Inst. Time Amn. S-P Azi. A
12/18/66 Pg 16-36-39.83 0 .4% 8.23 70 0.4Sg M 37-03.10 O.IS 108SUR N 12.30 0 .3E
12/18/66 Pg 17-04-30.60 4.0% 7.20 61 4.0P* 32.03 2.0s 114
Sg N 37.80 4 . 9E 112
Pg %-l 30.43Pg %-2 30.33Pg %-3 30.40
12/19/66 Pg 01-21-40.63 0.9% 9.70 83 0.9Sg N 30.33 0 .8S 108SUR M 34.30 2 .4E
1 2 /1 9 /6 6  Pg 0 1 -2 4 -1 0 .8 3  3 .2Z 7 .2 3  62 3.3
p * 12.00 1 .3 s  110
P? 12.73 4 .2E
Sg E 18.10
12/19/66 Pg 02-01-20.20 0.8Z 8.10 69 0.8Sg N 28.30 0.3s 107SUR N 32.33 l.OE
1 2 /1 9 /6 6  Pg 0 2 -1 1 -1 4 .7 0  0 . 6% 7 .2 3  62 0,6Sg N 21.93 -SUR N 26.13
12/19/66 Pg 02-30-11.90 O.IZ 7.63 63 0 .1
Sg N 19.33SUR N 23.83
12/19/66 Pg 03-49-48.10 1.6Z 7.10 61 1 .6
P* 49.13 - 114Sg N 33.20SUR N 39.30
Pg %-l 47.90Pg Z-2 47.80
Pg %-3 47.83




Date Phase Inst. Time Arnp. S-P Azi. A
12/19/66 Pg 04-08-43.90 O.IZ 8.10 69 0.1
Sg N 34.00 - -
SUR N 38.00 -
12/19/66 Pg 04-09-07.43 O.IZ 8.03 69 0.1
Sg N 13.30 - -
SUR N 19.63 —
12/19/66 Pg 04-17-29.20 0.22 6.43 33 0.2
Sg N 33.63 - -SUR N 39.83 —
12/19/66 Pg 06-03-23.43 0.22 6.80 38 0.2
Sg N 32.23 -
SUR N 36.30
12/19/66 Pg 08-18-02.70 3.02 6.90 39 3.1p* 03.83 0.8s 107 ■
P? 04.70 3.4%Pn 06.30
Sg N 09.60
12/19/66 Pg 09-03-33.00 0.62 7.30 62 0.6p* 33.90 - 107P? 33.33 -Pn 36.93
Sg N 06-00.30
12/19/66 Pg 09-28-32.23 0.22 6.73 38 0.2
Sg N 39.00 - -
SUR N 43.30
12/19/66 Pg 09-33-27.30 0.82 7.23 62 0.8
P* 28.63 0.3s 108P? 30.00 0.9%
Pn 31.40
Sg N 34.73
12/19/66 Pg 09-34-33.00 0.62 6.93 39 0.6P* 34.20 0.3s 108
Pn 36.80 0,9%
Sg N 39.93





Date Phase Inst. Time Arnp, S-P Azi, A
12/1 9 /6 6 PS 09-33-13 .90 2 .42 7 .3 0 62 2.3p* 1 3 .1 3 0 .3s 108p? 1 3 .8 3 0.9%
Pn 17 .80
Sg N 21.20
12/1 9 /6 6 Pg 09-33-3 8 .40 2.42 7 .3 0 62 2.3P* 3 9 .30 0 .9s 114P? 34-00.33 2.1EPn 0 2 .1 3
Sg N 0 3 .7 0
12/1 9 /6 6 Pg 09-36-1 3 .4 3 0 .7 2 7.33 63 0,7p * 16.33 107P? 17 .90 -
Pn 1 9 .3 0
Sg N 22.80
12/1 9 /6 6 Pg 10-30-3 4 .4 3 0.2Z 7 .2 3 62 0.2Pn 3 8 .4 0 - 107
Sg N 41 .70 -
SUR N 43.73
12/1 9 /6 6 Pg 14-3 3-3 9 .3 0 0,12 7 .0 3 60 0.1
Sg K 46.33 0 .3s 108SUR N 30 .30 0.9%
12/1 9 /6 6 Pg 14-38-36.20 0.12 6.93 39 0.1
Sg N 43 .13 - -
SUR N 47 .30
12/1 9 /6 6 Pg 14-39-0 3 .3 0 0.22 6 .8 3 38 0.2
Sg N 12.33 «M -SUR N 16 .3 0 -
12/1 9 /6 6 Pg 14-42-16 .13 0.22 7.33 63 0,2
Sg N 2 3 .3 0 0 .3s 108
SUR N 2 7 .6 0 1.3%
12/1 9 /6 6 Pg 13-27-2 8 .0 0 1 0 .3 2 7.10 61 10.9
p * 2 9 .3 0 2 .7s 107
Pn 3 1 .9 0 9.6%
Sg N 33.10
1 2 / 1 9 / 6 6 Pg 13-44-18 .0 0 0 .9 2 7 . 4 0 63 0.9
Sg N 2 3 .40 0 . 3 s 108




Date Phase Inst, Time Arnp. S-P Azi, A





2 4 .9 0




7 .3 0 64
112
0 .6






30-0 2 .7 0




6 .7 0 37
114
0.3











1 3 .9 0
1 6 .4 0
1 9 .6 0
1 2 .3 0
1 2 .1 3




7 .2 3 62111
114
7.2





16-46-0 1 .4 0
0 9 .6 3












01-3 3-1 6 .7 0
2 3 .4 3
2 7 .3 3






04-09-3 9 .3 0
47 .3 0
3 1 .60




08-03-1 9 .3 3
2 0 .3 0





7 .2 3 62
107
4.3






03-11-1 7 .7 3
22.20
2 4 .0 3
28.20
0.8Z 6 .3 0 34
114
0.8



















18-40-3 3 .1 3













19-38-3 1 .2 0
39.63
39-0 3 .8 0
0.3Z 8.43 72 0.3
1163 84










1 9 .2 3  
2 3 .1 3








04-01-3 2 .1 3
39.8343.80
0.3Z 7 .7 0 66
114
0.3




22-03-1 2 .9 0
19 .9 0









0 4 .3 0












02-49-0 4 .6 0
0 8 .0 0
1 1 .63
1 3 .8 0










0 .3 2 7.43 64
120
0.3
12/2 8 /6 6 pgPn
Sg R

















B 7.10 61 10.8




16-31-1 6 .3 3
2 3 .7 0
2 7 .9 3
0 .3 2 7.33 63 0.3
12/3 0 /6 6 pgSgSUP
R
R
16-32-0 7 .0 0
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